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Abstract
A central concern in health economics is to understand the influence of com-
monly used physician payment systems. We introduce a controlled labora-
tory experiment to analyze the influence of fee-for-service (FFS) and capitation
(CAP) payments on physicians’ behaviour. Medical students decide as exper-
imental physicians on the quantity of medical services. Real patients gain a
monetary benefit from their choices. Our main findings are that patients are
overserved in FFS and underserved in CAP. Financial incentives are not the
only motivation for physicians’ quantity decisions, though. The patient benefit
is of considerable importance as well. Patients are affected differently by the
two payment systems. Those patients in need of a low level of medical services
are better off under CAP, whereas patients with a high need of medical services

gain more health benefit when physicians are paid by FFS.
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1 Introduction

A central concern in health economics is to understand the influence of institutions on the
behaviour of actors on health care markets. In practice, effects from changing institutions
like the payment system during a health care reform are ex ante not necessarily known
to policy makers and may influence behaviour in an undesired way. Main addressees of
reforms are health care providers (physicians) whose behaviour is likely to be influenced
by the payment system. Theoretical health-economic literature has highlighted the differ-
ent incentives of commonly used payment systems like fee-for-service (FFS) or capitation
(CAP). Under FFS physicians are paid for each medical procedure or service dispensed to
a patient whereas under CAP, physicians receive a fixed payment for each patient irrespec-
tive of the quantity of medical services provided. FFS inherits an incentive to ‘overserve’
patients whereas CAP may lead to underprovision of medical services (Ellis and McGuire
1986, Newhouse 2002).

Field studies show that different payment systems do affect physicians’ behaviour. Yet,
the results are often not comparable because of country-specific institutional differences.!
In some studies, more than one component of the payment system are varied simultane-
ously making causal inferences difficult or even impossible. According to Gosden et al.
(2001) the results are too contradictory to draw a definite conclusion on the direction of
an effect.

Another empirical method is called for that complements field studies and overcomes
(some of) the problems mentioned above. Fuchs (2000) in his article on the future of health
economics argues that incorporating methods of experimental economics into health eco-
nomic research may lead to great benefits for the latter. In a similar vein, Frank (2007)
argues in favor of applying behavioural economics methods in health economics.

Our study contributes to the research agendas suggested by Fuchs and Frank. We use a
controlled laboratory experiment to improve the understanding of the institutional param-
eter ‘payment system’ by implementing the specific features of FFS and CAP. The main
focus of our study is on how the two payment systems influence a physician’s provision of
medical services, and we abstract from factors other than the payment system. Our study
is one of the very first ones tackling a health economic topic by methods of experimental
economics.?

In our experiment, experimental physicians — all of them medical students — decide on
the quantity of medical services under the two payment systems. Patients gain a bene-
fit from these services, the patient benefit measured in monetary terms. Only abstract
patients ‘participate’ in our experiment. To provide the experimental physicians with an
incentive for favourable behaviour towards the patients, however, the money corresponding
to the benefits of all abstract patients is transferred to a charity caring for real patients.

Our main finding is that physicians are influenced by the payment system. In line with

!See for example the studies by Stearns et al. (1992) and Davidson et al. (1992) in the US,
Krasnik et al. (1990) in Denmark, Iversen and Luras (2000) and Grytten and Sgrensen (2001) in Nor-
way, Hutchinson et al. (1996), Devlina and Sarma 2008 and Dumont et al., 2008 in Canada.

20Other studies are Fan et al. (1998), Ahlert et al. (2008) and Hennig-Schmidt and Wiesen (2009).



theoretical considerations, patients are overserved under FFS and underserved under CAP.
Financial incentives are not the only motivation for physicians’ quantity decisions, though;
the patient benefit is of considerable importance as well. Patients are affected differently
by the two payment systems. Those in need of a low level of medical services are better off
under CAP, whereas patients needing a high level of medical services gain a higher health
benefit when physicians are paid by FFS.

Our paper is organized as follows. Section 2 sketches the theoretical and empirical
literature on physician payment and incentives most relevant to our research topic. Sec-
tion 3 states our research questions. Experimental design and procedure are described in
Section 4. Section 5 provides a statistical analysis of subjects’ behaviour within and across

payment systems. Section 6 concludes.

2 Related literature

In the health economics literature, several authors have highlighted the different incen-
tives in commonly used payment systems like fee-for-service (FFS) or capitation (CAP).
Conventional modeling of the physician-patient interaction relies on profit maximization,
however (for a summary see McGuire, 2000). Recently, a number of authors depart from
modeling physicians as pure profit maximizers by allowing for patient benevolence in the
physician’s objective function; see for instance Ellis and McGuire (1986), Ma (1994, 2007),
Jack (2005) and Choné and Ma (2007).

In their seminal article, Ellis and McGuire (1986) let the physician® decide on the quan-
tity of medical services as an agent of the patient and the hospital. The physician’s utility
derives from two elements — the hospital’s profit and the patient’s benefit. According to
Newhouse (2002), Ellis and McGuire’s model is also applicable to a primary care setting
rather resembling the setup we are interested in. This implies that the physician is as-
sumed to be concerned about her own profit m and the patient benefit B, both depending
on the quantity of medical services q. A major argument for including B into the physi-
cian’s utility function is the professional code of medical ethics the physician is obliged to
(Hippocratic Oath). Ellis and McGuire find that FFS provides an incentive to overserve
patients whereas CAP may lead to underprovision of medical services. Moreover, capita-
tion payments can cause underprovision of necessary services (Blomqvist, 1991) and may
lead to cream-skimming of patients (Newhouse, 1996 and Barros, 2003).

A rich empirical literature has studied various aspects of the relationship between the
method of physician remuneration and physician behaviour. Some empirical evidence sug-
gests that physicians do respond to financial incentives. Krasnik et al. (1990) in a before-
and-after study, analyse behaviour of general practitioners in Denmark when the system
is varied from a (pure) lump-sum payment to CAP supplemented by a FFS component.
They find diagnostic and curative services to increase and the number of referrals to sec-

ondary care and hospitals to decrease. Concerning referral rates, Iversen and Luras (2000)

3In the following, we denote the physician as female and the patient as male.
“See also Arrow (1963) who emphasized the importance of professional ethics; treatment should be
determined by objective needs and not be limited by financial considerations.



arrive at a similar result. They analyse referrals from primary to secondary care revealed
by Norwegian general practitioners when the payment system was changed from a practice
allowance component® complemented by a FFS-payment to a CAP-system with a lower
FFS-component. The authors find referrals to be larger under CAP (with FFS-component)
compared to FFS (with practice-allowance component). The increase in referrals may, how-
ever, not only be attributable to CAP but rather to the lower FFS-component.

In a randomized controlled study, Davidson et al. (1992) investigate behaviour of office-
based primary care physicians under a FFS system with high and low fees and a CAP sys-
tem. Patients were children enrolled in the US-Medicaid program. Here, the frequency of
primary care visits in the high FFS group was higher than in the CAP group. Apparently,
CAP physicians constrain the quantity of medical services in order to reduce their costs.
The fundholding regulation® in CAP may explain the lower referrals to secondary care as
the responsibility for children’s medical cost seems to outweigh the incentive to minimize
cost in CAP.

In a more recent study, Dumont et al. (2008) analyse data on physician services from
the Canadian province Quebec before and after a variation from FFS to a mixed system
with a base wage, independent of services provided, and a reduced FFS payment. Their
results suggest that physicians did react to payment incentives by reducing the volume
of (billable) services under the mixed remuneration system. Moreover, these physicians
increased the time spent per service and per non-clinical service. The latter are important
to insure the quality of health care but are not remunerated under FFS. The results of
Dumont et al. suggest a quantity-quality substitution in health care provision.

One of the most important if not the only controlled field experiment in health economics
is the RAND health insurance study (Newhouse and the Insurance Experiment Group 1993).
The main goal of this experiment was to investigate the influence of the insurance system
(patients’ co-payment vs. free care) on patients’ health care service use and their health
status. It was found that all types of services analysed in the study fell with cost sharing
but the reduced service use had nearly no adverse effect on health for the average person.
Health among the sick poor was adversely affected, however. A smaller part of the study
was devoted to analyzing the influence of the payment system. To this end, the authors
compared the use of services under fee-for-service remuneration with that in a capitated
staff model HMO (Health Maintenance Organisation).” Cost savings were found to be
noticeable, in particular due to lower hospital admission and lower estimated expenditure.

Not all studies support the strong link between physicians’ payment systems and their
behaviour, however. For example, Hutchinson et al. (1996) do not find differences when
comparing hospital utilization rates in Ontario (Canada) under FFS and CAP. For data
from Norwegian physicians, Grytten and Sgrensen (2001) find that after controlling for

characteristics of patients and general practitioners the effects of physicians’ payment sys-

5 A practice allowance is a fixed sum of money Norwegian physicians are paid when contracting with the
regional government.

5Such a fundholding system has the following characteristics: i) the financial resources for each patient
are held in a fund and ii) the general practitioner is usually the decision-maker for allocating the funds.

"In a staff model HMO physicians typically work on a salary basis.



tems is rather small.

What can be concluded from the empirical literature cited above? Based on their
meta-study, Gosden et al. (2001) acknowledge some empirical evidence that the payment
system affects physician behaviour. They stress, however, that field studies face vari-
ous difficulties like multiple and unobservable influences on physicians’ decisions, context
and country-specific payment system variations that make the generalization of results
difficult. In addition, several field studies suffer from methodological problems when for
instance more than one component of the payment system is varied simultaneously. We

will return to these issues in the next section.

3 Research questions

Our main research goal is to improve the understanding on how the institutional parameter
‘payment system’ influences physicians’ behaviour. To this end, we make use of experi-
mental economics methods by running a controlled laboratory experiment.

Experimental economics is a valid research technique that can successfully complement
field and survey studies. It has a variety of advantages compared to the latter research
approaches (see Davis and Holt 1993, Falk and Fehr 2003). Experimental data is cre-
ated under controlled conditions. It is gathered in experimental sessions in which human
subjects supplied with monetary incentives® make real decisions in economically relevant
decision situations. Experimental conditions and variables of interest can be varied in a
controlled manner. Exogenous ceteris paribus variations (e.g. of the payment system)
can be easily implemented. Therefore, changes in behaviour can be attributed to these
modifications. Different experimenters can repeat the same experiment under comparable
conditions to test for the robustness of the results.

Contrary to laboratory data, field data are collected from a natural environment where
many factors influence the variable(s) of interest in a way the researcher usually cannot
control.? These are for instance institutional parameters, physicians’ characteristics, un-
certainty about the impact of medical services provided as well as patient characteristics
like health status or type of insurance. Constant patient populations during a transition
of payment systems is important for the validity of results but can most often not be guar-
anteed. Also, the methodological deficiencies mentioned in the section above should not
be neglected (see Gosden et al. 2001). This said, laboratory experimentation apparently
is a suitable research method to successfully complement theoretical analyses and other
methods of empirical investigation.

Despite the advantages of experimental economics, objections like non-representative
student subject pools, low incentives, a small number of observations and the simple envi-
ronment should be taken seriously. Yet, careful experimentation can avoid many of these
problems (see Falk and Fehr 2003).

8Participants are paid because they are likely to behave differently when monetary consequences are in-
volved as compared to hypothetical choices (see Camerer and Hogarth 1999 and Hertwig and Ortmann
2001).

9See, however, the RAND health insurance experiment (Newhouse and the Insurance Experiment Group
1993)



We are aware that our experiment is very simplistic; in reality, a physician’s decision
situation is much more complex. Yet, as the goal of the present study is to highlight funda-
mental consequences of the payment system for physicians’ behaviour we think simplicity

to be an advantage rather than a deficiency.

The focus of our study is on how the pure payment systems FFS and CAP influence
an experimental physician’s provision of medical services. We incorporate the two major
determinants that according to the theoretical literature referred to in Section 2 influence
a physician’s behaviour, the own profit and the patient’s benefit. We also include patients
with different health status, so-called patient types, to account for heterogeneity in the
patient population.

Our first research question is concerned with behaviour in FFS. Given our experimental
parameters, do experimental physicians tend to behave according to what theory predicts
in that they choose a quantity of medical services ¢"'F% larger than the patient’s optimal
quantity ¢* if the profit-maximal quantity ¢ exceeds ¢*? Taking ¢* as the benchmark for
the right (best) medical treatment, we conjecture patients to be overserved under FFS.

Second, we are interested in behaviour under CAP. According to predictions from
theoretical models we expect patients to be underserved in that physicians choose ¢©4¥
lower than g¢*.

Third, we are concerned with research questions related to the consequences of both
payment systems. How does provision behaviour under CAP compare to behaviour under
FFS? Based on our previous conjectures, we expect experimental physicians in FFS to
choose more medical services than in CAP. Moreover, does the mode of payment have
an impact on whether and how experimental physicians besides their own profit take the
patient benefit into account? Given the professional code of medical ethics physicians are
obliged to, we expect them not to behave in a completely self-interested manner.

We also analyse the previous questions with regard to patient types. Does the payment
system affect patients with different health status differently as to physicians’ treatment? If
so, are there differences between FFS and CAP? We expect this to be the case. The RAND
health insurance experiment (Newhouse and the Insurance Experiment Group 1993), for
instance, showed certain albeit small adverse health consequences concentrated among
sick people from the lowest income group.

The last research question concerns the tradeoff between own profit and patient benefit
the experimental physicians are faced with. In our experiment, several Pareto-efficient
quantity decisions exist for each patient. Here, physicians can neither make the patient
better off without foregoing own profit nor make themselves better off without inducing a
benefit loss to the patient. We are specifically interested in the following questions: Does
behaviour with regard to Pareto efficiency and tradeoffs vary in the two payment systems?
Can a classification of behaviour help us to get deeper insights into decision making like
it has helped to explain behaviour in other game settings (e.g. Selten and Ockenfels 1998
and Fischbacher et al. 2001)?



4 Experimental design and procedure

4.1 Design and parameters

We analyse physicians’ provision behaviour under the two payment systems FFS and CAP.
No other experimental parameter is varied. The experimental design allows for a controlled
ceteris paribus variation and a between-subject comparison.

Fach subject taking part in our experiment is allocated to a physician’s role deciding on
the quantity of medical services to be provided for given patients. Participants are medi-
cal students expected to become physicians in the future. We deliberately chose medical
students as they most likely will identify with the decision task in our experiment. And
we used a context-specific framing (see the instructions in the appendix). Both features
are important as we are interested in how subjects decide in a medical context, and iden-
tification as well as framing seems to matter for behaviour.'”

We run two treatments. In FFS, physicians receive a fee for each unit of medical service
provided. In CAP, they are paid a lump-sum payment (capitation) per patient indepen-
dent of the number of medical services they dispense. All monetary amounts are measured
in Taler, our experimental currency, the exchange rate being 1 Taler = 0.05 EUR (about
$0.07).

Our experimental physicians’ task is to treat patients by providing them with medical
services. Patients gain a benefit from these services. The patient benefit is measured in
monetary terms. Three types of patients exist. These types differ in the ‘benefit functions’
that relate the benefit a patient receives to the number of services a physician provides.
In particular, patients of different types need different amounts of services in order to get
their optimal treatment (maximum benefit); for specifications of all functions see below.
Patients in our experiment are abstract in that no real persons participate. Yet, to provide
experimental physicians with an incentive for favourable behaviour towards the patients,
the money corresponding to the benefits of all abstract patients is transferred to a charity
caring for real patients.

Patients are further characterized by illnesses. An illness has no impact on patients’
benefits. In FFS, it has an impact on physicians’ remuneration, however, as the ‘remunera-
tion function’ that relates a physician’s remuneration to the number of services a physician
provides is determined by the respective illness. In particular, maximum remunerations
differ across the five existing illnesses. The same holds for maximum profits because the
costs a physician has to bear are kept constant for all decisions and across treatments.
Recall that in CAP, physicians are paid a lump-sum capitation per patient. Therefore,
neither illnesses nor the number of medical services they dispense have an impact on their
remuneration.

In the remainder of this subsection we describe the experimental design in more de-

tail. Physicians decide on the quantity ¢ € {0,1, ..., 10} of medical services to be

9 Ahlert et al. (2008) find less selfishness (higher identification) of physicians in a medical (familiar) fram-
ing than in a neutral (unfamiliar) environment. A recent own study shows non-medical students to
behave much more selfish than medical students (Hennig-Schmidt and Wiesen 2009).



provided to their patients.!! They decide for five abstract illnesses A,B,C,D,E™ of
three patient types 1,2,3. Patient types differ in their benefit from medical services
(Bi(q), B2(q), B3(q)). Each combination of patient type and illness represents a specific
patient 1A,1B,1C,...,3D,3E (Table 1). By each decision (j = 1,...,15), physicians si-
multaneously determine their own profit and the benefit of a given patient. The patient
is assumed to be passive and fully insured accepting each medical service chosen by a

physician.

Table 1: Order of decisions

Decision () 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Patient type 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3
Illness A B C D E A B C D E A B C D E
Patient 1A 1B 1C 1D 1E 2A 2B 2C 2D 2E 3A 3B 3C 3D 3E

Physicians’ remuneration. In FFS, physicians receive a fee for each unit of medical service
provided. Fees differ across services and illnesses. As points of reference for our experi-
mental fees we used tariffs for ophthalmologist services (like the treatment of glaucoma or
cataract) taken from the German scale of charges and fees for physician services (EBM)*3.
Remuneration R(q) increases in the quantity of medical services chosen (see Table 2).

In CAP, physicians are paid a lump-sum payment R per patient independent of their

Table 2: Physicians’ remuneration R(q)

Quantity (g)
Illness 0 1 2 3 4 5 6 7 8 9 10

A 0.00 1.70 3.40 5.10 5.80F 10.50 11.00 12.10 13.50 14.90 16.60
n B 0.00 1.00 2.40 3.50 8.00 8.40 9.40 16.00 18.00 20.00 22.50
E C 0.00 1.80 3.60 5.40 7.20 9.00 10.80 12.60 14.40 16.20 18.30
D 0.00 2.00 4.00 6.00 8.00 8.20 15.00 16.90 18.90 21.30 23.60
E 0.00 1.00 2.00 6.00 6.70 7.60 11.00 12.30 18.00 20.50 23.00
[l
S 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00

! Duetoa display error on subjects’ screens, physicians’ remuneration for illness A at g; = 4 was
specified at 8.40 instead of 5.80. Physician’s profits were displayed correctly, however. See the
paragraph on physician’s profit below.

quantity decision. To make treatments comparable, R was specified at 12 Taler in CAP
which is slightly above the average maximum profit per patient a physician could achieve
in FFS (11.08 Taler).

Patient benefit. Patients gain a benefit from medical services, the patient benefit B(q)
measured in monetary terms. Patient benefits vary across patient types. This reflects the
heterogeneity of the patient population treated by a physician in reality, e.g. with regard
to a patient’s health status or different severities of illness. Table 3 shows patient benefits

B(q) given the quantity of medical services provided. A common characteristic of B(q) is

"The range of services physicians can choose from may be interpreted as those eligible for a patient
contracting with a certain health plan.

12WWe did not specify real illnesses because this turned out not to be feasible in the experimental setup.

13The German EBM lists medical services and the respective fees.



a global optimum ¢* € [0, 10]. The patient optimal quantity (¢*) yields the highest benefit
B(q;) from medical services to the patient. The patient’s optimal quantity is ¢; = 5 for
patient type 1 (j = 1,...,5), ¢j = 3 for patient type 2 (j = 6,...,10) and ¢; = 7 for
patient type 3 (j = 11,...,15). After having reached the optimum, B(q) declines because
providing more medical services than ¢* contributes negatively to a patient’s benefit at
the margin. Taking ¢* as the benchmark for the right (best) medical treatment, we can

identify overprovision and underprovision, respectively.

Table 3: Patient benefit B(q)

Quantity (q)

Patient type 0 1 2 3 4 5 6 7 8 9 10
1 0.00 0.75 1.50 2.00 7.00 10.00f 9.50 9.00 8&.50 8.00 7.50
2 0.00 1.00 1.50 10.00% 9.50 9.00 8.50 800 7.50 7.00 6.50
3 0.00 0.75 2.20 4.05 6.00 7.75  9.00 9.45' 880 6.75 3.00

' patient optimal quantity q; yields the highest benefit B(q;) from medical services to the patient.

It is crucial that the experimental physicians have an incentive to take the patient
benefit into account. Therefore, the money corresponding to the benefits of all abstract
patients aggregated over all decisions of all physicians was transferred to a charity caring
for real patients — the Christoffel Blindenmission. To verify that the money was actually
transferred we applied a procedure similar to the one used in Eckel and Grossman (1996).
In each session, a monitor randomly selected from the participating subjects must verify,
by a signed statement, that a check for the total patient benefit is written and sealed in an
envelope addressed to the charity. The monitor and experimenter then walk together to

the nearest mailbox and deposit the envelope. The monitor was paid an additional 4 EUR.

Physicians’ profit. Further parameters relevant for physicians’ decisions are costs and
profit. Like real doctors, the experimental physicians have to bear costs depending on the
quantity of medical services they choose. We use a convex cost function as assumed in
several theoretical models (e.g. Ma 1994, 2007 and Choné and Ma 2007). c(g;) = 0.1q]2-
Vg €10,10],7 = 1,2,...,15 is applied in both treatments.

Profit (remuneration minus costs) varies across illnesses in FFS because fees differ for

Table 4: Physicians’ profit m(q)

Quantity (q)
Illness 0 1 2 3 4 5 6 7 8 9 10

A 0.00 1.60 3.00 4.20 420 8.00F  7.40 7.20 7.10 6.80 6.60
N B 0.00 0.90 2.00 2.60 6.40 5.90 5.80 11.10 11.60 11.90 12.50%
E C 0.00 1.70 3.20 4.50 5.60 6.50 7.20 7.70 8.00 8.10 8.30%
D 0.00 1.90 3.60 5.10 6.40 5.50 11.40 12.00 12.50 13.20 13.60%
E 0.00 0.90 1.60 5.10 5.10 5.10 7.40 7.40 11.60 12.40 13.00%
o}
g 12.00%  11.90 11.60 11.10 10.40  9.50 8.40 7.10 5.60 3.90 2.00

1 Physicians’ mazimum profit w(§;) according to the profit-mazimizing quantity of medical ser-
vices §;.

illnesses, and costs are the same for all patients. In CAP, on the other hand, profit does

not vary with illnesses and patient types (see Table 4). Remember that patient benefit



Figure 1: Patient benefit and physician’s profit for patient 1E (decision j = 5)
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does, however.

For all patients in FFS, except for patient 1A (j = 1), the physician encounters a
tradeoff between patient optimum and own profit maximization in that ¢; differs from the
profit maximizing quantity (g;). At j = 1 (patient 1A), ¢; = ¢j = 5. For patient 3A
(j=11),5=¢; < q; = 7. Except for illness A (j = 1,6,11) where ¢; = 5, the maximal
profit is achieved at g; = 10 (see left panel of Figure 1 for j = 5).

In CAP, g; = 0 for each decision j = 1,...,15. A higher patient benefit can only
be achieved by a physician’s deviating from her own maximal profit (see right panel of

Figure 1 for j = 5).

4.2 Procedure

The computerized experiment was conducted in BonnFEconLab, the Laboratory for Ex-
perimental Economics at the University of Bonn. 42 medical students participated, 20 in
FFS (one session) and 22 in CAP (two sessions). We thus base our analysis on 42 in-
dependent observations. Subjects were recruited by the online recruiting system ORSEE
Greiner (2004) promising a monetary reward for participation in a decision-making task.
The experiment was programmed using the software z-Tree (Fischbacher 2007).

Upon arrival, participants were randomly allocated to cubicles where they took their
decisions in complete anonymity. Then, subjects were provided with the instructions that
were read out aloud by the experimenter. Subjects was given plenty of time for clarifying
questions which were asked and answered in private. To check for subjects’ understanding
of the experiment we asked them to answer three test questions structured like the actual
experiment but with different parameter values. The experiment was not started unless
all participants had answered all test questions correctly.

The experimental physicians then made their 15 quantity decisions the sequence of
which was predetermined and kept across treatments (see Table 1). Having made their
choices, subjects were asked to fill in a computerized questionnaire explaining their moti-
vations and the factors having influenced their decisions. Finally, the monitor was assigned
randomly. After the experiment, subjects were paid in private according to their choices.

At last, the monitor verified that a check on the benefits of all patients was written and

10



sealed in an envelope addressed to the Christoffel Blindenmission. The monitor and ex-
perimenter then walked together to the nearest mailbox and deposited the envelope.
Sessions lasted for about 40 minutes. The exchange rate per Taler was 0.05 EUR. On
average subjects earned 6.88 EUR in FFS and 7.42 EUR in CAP.' In total, 273.68 EUR
were transferred to the Christoffel Blindenmission, 6.62 EUR per participant in FFS and
6.42 EUR in CAP. The money supported surgical treatments of cataract patients in a
hospital in Masvingo (Zimbabwe) staffed by ophthalmologists of the Christoffel Blinden-
misston. Average costs for such an operation amounted to 30 EUR. Thus, the money from
our experiment allowed to treat nine patients. Note that subjects were not informed about

the money being assigned to a developing country (see the instructions in the Appendix).

5 Results

In the present section, we investigate physicians’ behaviour, both from the physician’s
and from the patient’s perspective for FFS as well as for CAP. Moreover, we analyse
the influence of physicians’ profits and the patient benefit, and we study the impact of
the payment system on patients’ health status. We compare behaviour across treatments
and, finally, we analyse how physicians’ behaviour is affected by Pareto efficiency, i.e. by

tradeoffs between physicians’ profit and patient benefit.

5.1 Physicians’ behaviour in FFS

Our first research question is related to behaviour under FFS. Remember that ¢; = q;-‘ for
Jj =1 (patient 1A), and §; < ¢ for j = 11 (patient 3A). Figure 3 shows absolute frequencies
of all physicians’ decisions for all patients. On average, 6.60 medical services are provided

(median 7.00, SD 1.85). To study how patients are treated we analyse the quantity of

Figure 2: Absolute frequencies of quantity decisions per patient in FFS

Treatment FFS
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Decision

medical services provided for each patient averaged over all physicians (g; = 2?21 ij/20).

Result FFS1. In FFS, patients are overserved.

4 Average payoffs correspond to the hourly wage of a student helper at the University of Bonn (8.32 EUR).
A lunch at the student cafeteria is around 2.50 EUR.
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SUPPORT: q; > gj for the 13 patients where ¢; > ¢j. Patient 1A (j = 1) is treated
optimally by all physicians i, whereas patient 3A (j = 11) is underserved. Testing over
all patients, g; is highly significantly larger than q; (p = 0.002, Wilcoxon signed ranks
test, two-sided). Individual physicians largely deviate from choosing the patient optimal
quantities. The mean deviation from ¢}, ii; = Z}il(q@'j —q]*)/15, is positive for 17 of the 20
physicians, and zero for the remainder (see Table A.1 in the Appendix). Thus, significantly
more physicians provide medical services that are larger than q; (p = 0.003, binomial test,
two-sided).

Next we investigate the impact of patient types on physicians’ provision behaviour.
Result FFS2. Ouverprovision in FFS depends on patient types.

SUPPORT: Support is provided by test statistics of an order test (see Selten 1967 and Kuon,
1994) comparing the given order of average services per patient type with the perfect order
(2, 1, 3) that accounts for ¢* of each patient type.!> There are six different possibilities to
assign three ranks. The null hypothesis of the order test is that for each subject the order
of observed values is arbitrary implying the mean inversion (standard deviation) being
uw = 1.5 (o = 0.9574). As we observe 0.563 average inversions only, the null hypothesis
can be rejected at the 1% level. A more in-depth analysis shows all patients of type 1
and 2 to be overserved (except for patient 1A) in that the number of physicians choosing
¢i; > ¢; 1s larger than the number of physicians choosing ¢;; < ¢;. This is significant for
four patients of type 1 and type 2 each (p < 0.041 binomial test, two-sided; see line I/FFS
in Table A.2). Patients of type 3 are treated in a less consistent way. Patient 3A (3E) is
underprovided (overprovided) and the remaining patients are treated optimally by at least

half of the physicians.

Physician’s profit. A physician’s quantity decision determines her own profit. According
to our research questions we are interested in whether profit maximizing is a main objective
in general. As only 12% of the overall choices coincide with §; this is rather not the case.
The maximum profit 7(§;) a physician can achieve in FFS is 8.00 (12.50, 8.20, 13.60, 13.00)
Taler for illness A (B, C, D, E); recall parameter values from Table 4. Choosing ¢; for all j
would have yielded an average payoff of 11.08 Taler. Physicians’ actual quantity decisions
resulted in an average overall profit of 9.17 Taler (median 8.00 Taler, SD 2.69 Taler), i.e.
17% lower than 7(§;). Average profits for each physician i vary between 6.53 and 10.93
Taler (see Table A.4).'6 Testing over all patients, 7(q;) is highly significantly lower than
7(q;) (p = 0.001, Wilcoxon signed ranks test, two-sided).

'5The logic behind the order test is the following. When a physician’s quantity choice is influenced by
patient types (¢* per type), patients in need of a large (low) quantity of medical services should on
average receive a large (low) amount of medical treatment. If a physician behaves accordingly the ranks
assigned to the mean quantities provided per patient type should follow a “perfect order”, namely 2, 1, 3.
A measure for the difference between the actual order and the perfect order is the number of inversions,
i.e. the number of pairwise changes necessary to transform the given order into the perfect order. We
calculate the average quantity per patient type for each of those 16 physicians whose observed order
comprises three different values and rank them according to their magnitude (see Table A.5). For each
physician, we then calculate the number of inversions necessary to achieve the perfect order of ranks.

'6For average profit per patient see Table A.3.
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We are also interested in whether profits are affected by patient types. To this end,
we study the deviation of each individual physician’s profit from her profit maximum, i.e.
7j —m;j, for patient types separately. For the sake of comparability between FFS and CAP
data, we compute for each patient the relative deviation Am;; = (7; — m5)/7j. Table A3
shows Am;; averaged over all physicians. Highest deviations of up to 29% are found for
patients 2B and 2E, whereas lowest deviations of less than 10% occur for patients 3A and
3C. There is no deviation for patient 1A because here all physicians choose their profit
maximum that coincides with the patient benefit optimum. Average profit deviation is
14.66% for patients of type 1'7, 21.92% for those of type 2 and 11.98% for patients of
type 3.

Patient benefit. A physician’s decision also determines the patient benefit. In FFS — like
in CAP - the benefit maximum for patients of type 3 (Bs(qj)) is 9.45 Taler. Bi(qj) =
Bg(q;-‘) = 10 Taler (see Table 3). If physicians always chose the patient optimal quantity,
patients would have received an average benefit B(q}‘) of 9.82 Taler. Actual average patient
benefit is 8.83 Taler (median 9.00 Taler, SD 1.10 Taler), i.e. 10% lower than B(q;). Further,
average patient benefits determined by physician ¢ vary between 7.52 and 9.82 Taler (see
Table A.4).

SuMMARY: Under FFS patients are overserved in that subjects on average choose quanti-
ties of medical services larger than the patient’s optimal quantity. Provision is dependent
on patient types as is the deviation of profits from the profit maximum. The levels of
overprovision and of profit deviations tend to decrease with increasing needs of services.
Physicians do not go for the maximal profit. This behaviour resulted in patients receiving

a substantial benefit, only 10% on average less than the maximal amount.

5.2 Physicians’ behaviour in CAP

Our second research question deals with behaviour under CAP. Recall that 0 = ¢; < ¢ for
all patients (decisions j). Figure 3 shows absolute frequencies of all physicians’ decisions

for all patients. On average, physicians chose 4.40 medical services (median 5.00, SD 1.64).

Figure 3: Absolute frequencies of quantity decisions per patient in CAP
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'"If we neglect patient 1A, Am;; = 18.32%.
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Result CAP1. In CAP, patients are underserved.

SUPPORT: q; < ¢; for 11 patients. Three patients (2A, 2B, 2C) are slightly overserved
on average. Ounly patient 2E receives an optimal treatment on average. Testing over all
patients, q; is significantly smaller than q; (p=0.0105, Wilcoxon signed ranks test, two-
sided). Individual physicians largely deviate from the patient optimal quantity; but in
contrast to FFS, they underserve in CAP. [i; is negative for 16 of the 22 physicians; 1z; > 0
for the remainder (Table A.1). Thus, weakly significanly more physicians choose quantites

smaller than ¢} (p = 0.052, Binomial test, two-sided).
Next we investigate whether underprovision is related to patient types.
Result CAP2. Underprovision in CAP depends on patient types.

SuPPORT: We again apply the order test and include those 19 subjects whose observed
order comprises three different values (see Table A.5). Also in CAP, the order test reveals
choices to be heavily dependent on patient types. We observe 0.158 average inversions.
Thus the null hypothesis can be rejected at the 1% level. Analyzing the data in more
detail shows that although patients are underserved on average, the number of physicians
choosing ¢; is larger than the number of physicians not choosing ¢; for all patients of type
1 and 2. This is significant for four patients of type 2 (binomial test two-sided; see line
I[/CAP in Table A.2).'® Patients of type 3 are underserved in that the number of physicians
choosing ¢; < qj is larger than the number of physicians choosing q}‘.lg This is weakly
significant for one patient of type 3 (binomial test two-sided; see line I/CAP in Table A.2).
Moreover, the level of underprovision 7; is highest for patient type 3 and lowest for patient
type 2 (see Table A.3).

Physician’s profit. 'The maximum profit 7(¢;) a physician can achieve in CAP is 12.00
Taler for all illnesses (see Table 4). Physicians’ actual quantity decisions resulted in an
average profit w(g;) of 9.79 Taler (median 9.50 Taler, SD 1.52 Taler), i.e. 18% lower than
7(q;). Average profits for each physician i vary between 7.84 and 11.48 Taler (see Table
A.4).2% Testing over all patients, 7(q;) is highly significantly lower than 7(q;) (p = 0.000,
Wilcoxon signed ranks test, two-sided).

How are profits affected by patient types in CAP? Table A.3 shows Am;; averaged over
all physicians. Highest deviations of 25 to 30% are found for patients of type 3 whereas
lowest deviations of 7 to 11% occur for patients of type 2. Average profit deviations are
18.75% (8.71%) for patients of type 1 (2) and 27.67% for those of type 3.

Patient benefit. The maximal average benefit a patient could gain in CAP, like in FFS,
is 9.82 Taler if physicians always provided the patient optimal quantity. Actual average
patient benefit is 8.56 Taler (median 9.75 Taler, SD 2.46 Taler), i.e. 13% lower than B(gj).

¥0n average, 14.6 (18.4) physicians treat patients of type 1 (2) optimally, 6.2 (1.4) underprovide and 1.2
(2.2) overprovide.

90n average, 14.2 physicians underserve patients of type 3, 0.2 overprovides and 7.6 treat their patients
optimally.

20For average profit per patient see Table A.3.
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Further, average patient benefits determined by physician ¢ vary between 2.73 and 9.82
Taler (see Table A.4).

SUMMARY: Under CAP patients are underprovided in that physicians on average choose
quantities of medical services smaller than the patient’s optimal quantity. Provision of
services and the deviation of profits from the profit maximum are strongly influenced by
patient types, i.e. with increasing needs for services the levels of underprovision and profit
deviations tend to increase. Also in CAP, physicians do not strive for the maximal profit.

Patients received a benefit being on average 13% lower than the maximum benefit.

5.3 Comparison of behaviour between FFS and CAP

Our third research question is related to the consequences of both payment systems. We
are concerned with differences in the experimental physicians’ behaviour across treatments
and how patient types are affected. We compare physicians’ profits, the provision of
medical services, deviations from ¢, and patient benefit losses across payment systems for

all patients and for patient types separately.

The results above have already shown that experimental physicians choose more medical
services in FFS than in CAP. Thus, the next result implicitly follows from Results FFS1
and CAP1.

Result COMP1. Patients are provided with more medical services in FFS than in CAP.

SuprpPORT: Evidence is provided by Figure 4 showing the average quantity of medical
services per decision (patient) in both treatments. Not only do physicians in FFS on
average provide 50% more services than in CAP (6.60 vs. 4.40; median: 7.00 vs. 5.00;
SD: 1.85 vs. 1.64) but for each decision j, qf LS QJ.CAP . This is highly significant
(p = 0.0000, Mann-Whitney U test, two-sided). The picture is similar when comparing
individual decisions across treatments for each patient. Except for patients 1A and 3A,
qil;FS is significantly larger than quP (p < 0.0010, Mann-Whitney U test, two-sided; see
line IT in Table A.2). Thus, in FFS a significantly higher number of patients is provided
with significantly more medical services compared to CAP (p = 0.007, binomial test, two-
sided).

Physician’s profit.  Physician’s own profit m(g;;) certainly is an important behavioural
determinant in both treatments. As already mentioned, choosing ¢; for all j in FFS would
have yielded an average payoff 7(g;) of 11.08 Taler. In CAP, the maximal profit is 12.00
Taler for all illnesses.

What did physicians actually do? They provided quantities of medical services such
that their average profits are very similar in both treatments but about 17% lower than
7(q;) (FFS: 9.17 Taler, CAP: 9.79 Taler). Average profits for each physician ¢ vary between
6.53 and 10.93 Taler in FFS and between 7.84 and 11.48 Taler in CAP. In both payment
systems, the average physician does not aim at the maximal achievable profit even though
single physicians come very close to w(§;) (see Table A .4).

To answer the question how profits are affected by patient types, we compare Am;;
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Figure 4: Average quantity of medical services per decision (patient)
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across treatments. Except for patients 1C, 1E, 2C, and 3E, we find (weakly) significant
differences between treatments.?! For patients of type 2, AFZF s> Aﬁ%AP , for patients
of type 3 the reverse holds.

Patient benefit and patient benefit loss. We next compare the two payment systems with
regard to how patients’ health status is affected by physicians’ choices. To this end, we
first focus on the optimal treatment and deviations thereof. We then concentrate on the

benefit losses patients suffer on average when some or all of them are not treated optimally.

Result COMP2. Patient optimal quantities exert a stronger influence on physicians’

behaviour in CAP than in FFS.

SUPPORT: Support comes from analyzing physicians’ choices with regard to the patient
optimal quantity. In CAP, the percentage of physicians choosing ¢; per patient is signif-
icantly higher than in FFS (p = 0.014, Mann-Whitney U test, two-sided). If physicians
deviate they tend towards opposite directions; a significantly larger share provides services
larger than ¢; in FFS compared to CAP (p = 0.000, Fisher exact test, two-sided). In FFS,
7i; > 0 except for physicians i = 3,4, 17; in CAP, ii; < 0 except for physicians i = 4, 19 (see
Table A.1). Analyzing patient types separately, we find all patients of type 2 in CAP to
get a better treatment in that significantly more physicians per patient chose ¢; compared
to FFS (p < 0.011, Fisher exact test; see line III in Table A.2). The same applies to
all patients of type 1 except for patient 1A?? (p < 0.009, Fisher exact test). Evidence is
mixed for patients of type 3. We find no significant difference for patients 3A, 3C, 3E. For
patients 3B and 3D physicians choose ¢ significantly more often in FFS than in CAP (see
line I1T in Table A.2). In both treatments, the benefit maximum for patients of type 3
(B3(q;)) is 9.45 Taler. Bi(qj) = B2(q;) = 10 Taler resulting in E(q}‘) = 9.82 in FFS and

in CAP. Our experimental physicians actually provide quantities of medical services such

21For type 1: p < 0.059; for type 2: p < 0.018; for type 3: p = 0.000, all Mann-Whitney U test, two-sided;
see line IV in Table A.2.

22Here, physicians in FFS make significantly more q;-choices (p = 0.006, Fisher exact test; see line III in
Table A.2).
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that the average patient benefit B(q;) was slightly larger in FFS (8.83 Taler) than in CAP
(8.56 Taler) and around 10% smaller than B(g}). These numbers seem to suggest that
nearly no differences between payment systems exist. Yet, the picture is different when
having a closer look at the data. Focusing on single patients and their health status we,
like Newhouse and the Insurance Experiment Group (1993), find patients to be affected
differently by the mode of payment (see below). Moreover, average patient benefits vary
between 7.52 and 9.82 Taler in FFS and between 2.73 and 9.82 Taler in CAP (see Ta-
ble A 4).

Whenever a physician ¢ deviates from choosing ¢; — when patients are either under- or

overprovided — patients suffer a benefit loss (¢(g;i) = |B(g¢ij) — B(q)])-

Figure 5: Average benefit loss per patient
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Result COMP3. Benefit losses per patient depend on patient types and differ across

treatments.

SuPPORT: Figure 5 contrasts the average benefit loss per patient across treatments. For
10 of the 15 patients, @(qj)CAP > 1(g;)FFS. The benefits loss in FFS is larger for the
remaining patients (see also Table A.3). Benefit losses differ significantly for all patients
of type 2 (p < 0.027, Mann-Whitney U test, two-sided, see line IV in Table A.2). Losses
are larger in FFS for patients 2B, ..., 2E; the reverse holds for patient 2A. For 9 of the 10
patients of types 1 and 3, benefit losses in CAP are larger than in FFS. Differences are
only significant for two patients of type 1 and 3 each.?

Result COMP3 suggests that for patients in need of a small quantity of medical services
like patients of type 2, a smaller benefit loss results when physicians are paid by CAP.
Patients in need of a larger quantity of medical services, like patients of types 1 and 3,

incur a smaller loss under FFS.

SUMMARY: The cross-treatment comparison demonstrates that physicians’ choices are

highly influenced by the payment system. Physicians in FFS choose more medical services

231A (where no losses occur in FFS): p = 0.009; 1E: p = 0.062; 3B: p = 0.002; 3C: p = 0.050, all
Mann-Whitney U test, two-sided, see line IV in Table A.2.
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than those in CAP do. Consequently, the mode of payment does affect patients’ health
status. In particular, patients of type 1 and 2 are treated more optimally under CAP
than under FFS and the patient benefit loss is significantly smaller in the former payment

system for all but one of patients of type 2.

5.4 Tradeoffs and Pareto efficiency

In this section, we are concerned with the tradeoff between own profit and patient benefit
a physician encounters when making a quantity decision. In particular, we investigate how
Pareto efficiency influences a physician’s behaviour.

In general, Pareto efficiency means that an allocation X is Pareto preferred to another
allocation Y if at least one person is better off and no one is worse off with X than with
Y. Besides its importance in general economic theory, the concept of Pareto efficiency also
plays a prominent role in health economics (e.g. Iversen 1993, De Jaegher and Jegers 2000
and Pau and Vera-Hernandez 2007). In the context of our experiment a situation is said
to be Pareto efficient, if no unanimous move to another allocation of profit and patient
benefit is possible. That means, a Pareto-efficient (PE) choice involves that changing ¢
can neither make the physician better off without inducing a benefit loss to the patient nor
make the patient better off without foregoing own profit. Pareto-inefficient (PTE) choices
do not involve a benefit/profit tradeoff as changing ¢ can increase both a physician’s own
profit and the patient benefit; they are dominated by Pareto-efficient choices.

Pareto-efficient decision options exist for each patient in both treatments. The number
of PE benefit /profit pairs differs according to illnesses (in FFS only) and patient types. In
FFS, physicians can choose between one and eight PE decisions per patient. In CAP, there
are either four (patient type 2), six (patient type 1) or eight (patient type 3) PE pairs. PE
choices are positioned on the upper right line in Figures A.1 and A.2, the Pareto frontier,
whereas PIE decisions are those below the Pareto frontier.

It is remarkable that 597 of the 660 choices are Pareto-efficient. Thus, 95% of all
physicians’ actual choices both in FFS and CAP involve a tradeoff between physician’s
own profit and patient benefit. Pareto efficiency guides all the decisions by 13 of the 20
physicians (65%) in FFS and by 15 of the 22 physicians (68%) in CAP. The remaining
choices entail up to 4 (9) PIE decisions per physician in FFS (CAP). Hence, not only has
the majority of physicians Pareto efficiency as their only target but also the remaining
physicians behave accordingly with the vast majority of their quantity decisions.

To further characterize physicians’ choices we subdivide the set of PE decisions into
categories capturing variables of economic importance and medical ethics: own profit max-

imum, patient benefit optimum, social optimum.

e PROMAX comprises choosing ¢, the profit-maximizing quantity of medical services.

The corresponding benefit /profit pair is (B(q;), 7(d;)).

e PATMAX counsists of gj-choices maximizing the patient’s benefit. (B(q}),n(q})) is
the resultant benefit/profit pair.
PROMAX and PATMAX are the two boundary points of the Pareto frontier (see
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Figures A.1 and A.2).

e SOCOPT is suggested by a welfare economics perspective and contains the socially
optimal choices, i.e. decisions where (7(g;) + B(g;)) is maximal.
Note that patients exist where SOCOPT coincides with PROMAX and/or PATMAX
(Table A.6). Only those decisions are assigned to SOCOPT that are not yet covered

by the two previous categories.?*

e PAROTH is a residual category comprising the remaining benefit /profit pairs on the

Pareto frontier not included in any of the other three categories.

In FFS, 16% of all physician’s Pareto-efficient choices are assigned to PROMAX, 34% to
PATMAX, 16% to SOCOPT and 34% to PAROTH.?> In CAP, only 2% of physicians’
choices are attributed to PROMAX, 66% to PATMAX, 6% to SOCOPT and 26% are
covered by PAROTH. 26

Comparing both payment systems, a much lower percentage of decisions in CAP is
motivated by 7(¢;) probably because choosing (ijAP entails no provision of services to
the patient. Such behaviour would be a severe violation of the professional code of medical
ethics. Noticeably, two thirds of all Pareto-efficient decisions in CAP involve B (q;k) versus

only one third in FFS. This may be due to the fact that choosing ¢*¢4"

implies a lower
own-profit reduction than in FFS where the physician on average forgoes 39.6% of her
maximally achievable profit vs. only 23.3% in CAP. The social optimum plays no role in
soc

CAP possibly because ¢°°¢ coincides with ¢* for all 10 patients of types 1 and 2.

SUMMARY: Our analysis provided compelling results. First, nearly all physicians’ decisions
are influenced by Pareto efficiency. Second, the vast majority of these choices (66% in FFS
and 74% in CAP) can be explained by motives based on variables of economic and ethical

importance.

6 Conclusion

The paper introduces a controlled laboratory experiment to test for the influence of pay-
ment systems on physicians’ provision behaviour. By assigning the monetary equivalent
of the patient benefit to treating actual patients we substituted the ‘abstract’ patients in
our experiment with real ones. Our design was successful in eliciting benevolent behaviour
towards the patient. Not only were mean benefit losses rather low (10% in FFS and 13% in
CAP) but also did nearly all experimental physicians in a post-experimental questionnaire
state the patient benefit to have influenced their decisions.

Our results are in line with the theoretical literature (e.g. Ellis and McGuire 1986)

24We decided on this assignment as subjects choices may not be motivated by the social optimum in the
first place for the following reason. Finding ¢°° seems not straightforward as participants first have to
calculate 7(g;) + B(g;) and then they have to determine the maximum. Selecting § or ¢* is much more
obvious given the information on the decision screens (see the Instructions in the Appendix).

Z5When calculating the percentages, j = 1 is neglected because here categories PROMAX, PATMAX and
SOCOPT coincide and we cannot even distinguish whether ¢ = 5 was motivated by ¢; or by g;.

26 A detailed overview on relative frequencies per category is provided in Table A.6.
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and add further evidence to generalizing previous empirical findings in the field. Patients
are overserved in FFS in that experimental physicians on average choose quantities of
medical services larger than the patient’s optimal quantity. Provision is dependent on
patient types as is the deviation of profits from the profit maximum. The cross-treatment
comparison most clearly shows physicians’ choices to be highly influenced by the payment
system. Physicians in FFS provide more medical services than those in CAP do. Like
Newhouse and the Insurance Experiment Group (1993), we found the mode of payment
to affect patients’ health status. Patients in need of a low level of medical services are
better off under CAP, whereas patients with a high need of medical services gain more
health benefit when physicians are paid by FFS. How these gains and losses are to be
weighed against each other is a matter of political decision, however.

In both remuneration systems, financial incentives are not the only motivation for
physicians’ quantity decisions, though. As the patient benefit is of considerable impor-
tance, patients received a substantial benefit the financial equivalent of which allowed to
treat nine real patients by ophthalmic surgery.

Experiments in health economics might serve as a ’wind tunnel’ or 'test bed’ before
institutional changes are implemented during a health care reform. Even though an ex-
periment always simplifies a physician’s decision task when caring for a patient it, at the
same time, allows to separating behavioural determinants. While simplifications give rise
to caution when extrapolating the results, they also suggest the lines for further experi-
mental research like introducing uncertainty about the impact of medical treatments and

patients’ health status, patients’ demand effects and monitoring mechanisims.
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A Appendix

Instructions [translated from German)|

General Information
In the following experiment, you will make a couple of decisions. Following the instructions
and depending on your decisions, you can earn money. It is therefore very important to

read the instructions carefully.

You take your decisions anonymously in your cubicle on your computer screen. During
the experiment you are not allowed to talk to any other participant. Whenever you have a
question, please raise your hand. The experimenter will answer your question in private in
your cubicle. If you disregard these rules you can be excluded from the experiment without

receiving any payment.

All amounts of money in the experiment are stated in Taler. At the end of the experiment,
your earnings will be converted into Euro at an exchange rate of 1 Taler = 0.05 EUR and

paid to you in cash.
Your decisions in the experiment

During the entire experiment you are in the role of a physician. You have to decide on
the treatment of 15 patients. All participants of this experiment are taking their decisions
in the role of a physician. You decide on the quantity of medical services you want to

provide for a given illness of a patient.

You decide on your computer screen where five different illnesses — A, B, C, D and E —
of three different patient types — 1, 2 and 3 — will be shown one after another. For each

patient you can provide 0,1,2,3,4,5,6,7,8,9 or 10 medical services.

Your remuneration is as follows:

o Treatment FFS:
A different PAYMENT is assigned to each quantity of medical services . The PAYMENT

increases in the quantity of medical services.

o Treatment CAP:
For each patient you receive a lump-sum PAYMENT that is independent of the quan-

tity of medical services.

While deciding on the quantity of medical services, in addition to your PAYMENT you
determine the COSTS you incur when providing these services. COSTS increase with in-
creasing quantity provided. Your PROFIT in Taler is calculated by subtracting your COSTS
from your PAYMENT.

To each quantity of medical services a certain benefit for the patient is assigned, the PA-
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TIENT BENEFIT that the patient gains from your provision of services (treatment). There-
fore, your decision on the quantity of medical services not only determines your own
PROFIT but also the PATIENT BENEFIT. An example for a decision situation is given on

the following screen.

Screen shot FFS

Screen shot CAP

You decide on the quantity of medical services on your computer screen by typing an

integer between 0 and 10 into the box named “Your Decision”.

There are no real but abstract patients participating in this experiment. Yet the PATIENT



BENEFIT an abstract patient receives by your providing medical services will be benefi-
cial for a real patient. The total amount corresponding to the sum over all 15 PATIENT
BENEFITS determined by your decisions will be transferred to the charity Christoffel Blin-
denmission Deutschland e. V., 64625 Bensheim, to support an ophthalmic hospital where

patients with cataract are treated.

Earnings in the experiment
After having made your 15 decisions, your overall earnings will be calculated by summing
up the PROFITS from all your decisions. This amount will be converted from Taler into

Euro at the end of the experiment.

The overall PATIENT BENEFIT resulting from your 15 quantity decisions will be converted

into Euro as well and will be transferred to the Christoffel Blindenmission.

The transferral will be made by the experimenter and a monitor. The monitor writes
a check on the amount of money corresponding to the aggregated PATIENT BENEFITS of
this experiment. This check issued to the Christoffel Blindenmission will be sealed in an
envelope addressed to this charity. The monitor and experimenter then walk together to

the nearest mailbox and deposit the envelope.

After all participants have taken their decisions, one participant is randomly assigned the
role of the monitor. The monitor receives a payment of 4 EUR in addition to the payment
from the experiment. The monitor verifies, by a signed statement, that the procedure

described above was actually carried out.

Next, please answer some questions familiarizing you with the decision situation.

After your 15 decisions, please answer some further questions on your screen.
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Table A.1: Descriptive statistics on quantity (¢;;) and differences to patient optimal quantity (u;) per physician ¢

FFS CAP
dij Hi qij Hi
i Mean (g;) Median SD Mean (zz;) Median SD Mean (g;) Median SD Mean (fz;) Median SD
1 6.40 7.00 1.12 1.40 1.00 1.35 4.20 5.00 1.52 -0.80 -1.00 1.61
2 7.73 8.00 1.87 2.73 2.00 2.94 4.27 5.00 0.88 -0.73 0.00 1.28
3 5.00 5.00 1.46 0.00 0.00 0.65 4.80 5.00 1.47 -0.20 0.00 0.41
4 5.00 5.00 1.69 0.00 0.00 0.00 5.13 5.00 1.60 0.13 0.00 0.52
5 7.27 8.00 1.16 2.27 2.00 1.49 2.13 2.00 0.83 -2.87 -4.00 1.46
6 6.40 6.00 1.12 1.40 1.00 1.80 5.00 5.00 1.69 0.00 0.00 0.00
7 7.13 7.00 1.06 213 2.00 1.77 4.07 4.00 0.96 -0.93 -1.00 1.10
8 8.27 9.00 1.94 3.27 3.00 2.69 4.33 5.00 0.98 -0.67 0.00 0.98
9 6.07 7.00 1.39 1.07 1.00 1.28 4.07 4.00 0.80 -0.93 -1.00 1.22
10 7.67 7.00 1.76 2.67 2.00 2.55 5.00 5.00 1.69 0.00 0.00 0.00
11 7.47 8.00 2.00 2.47 2.00 2.61 4.93 5.00 1.62 -0.07 0.00 0.26
12 6.93 7.00 1.75 1.93 2.00 2.05 4.93 5.00 1.62 -0.07 0.00 0.26
13 6.13 6.00 1.92 1.13 1.00 1.92 2.40 2.00 1.18 -2.60 -2.00 2.38
14 6.27 7.00 1.33 1.27 1.00 1.62 5.00 5.00 1.69 0.00 0.00 0.00
15 8.53 9.00 1.96 3.53 3.00 2.85 4.00 4.00 0.85 -1.00 -1.00 0.85
16 6.67 6.00 1.54 1.67 1.00 247 4.47 5.00 1.85 -0.53 0.00 2.00
17 5.00 5.00 1.69 0.00 0.00 0.00 3.40 4.00 1.68 -1.60 -3.00 1.99
18 5.73 6.00 1.49 0.73 1.00 1.03 4.53 5.00 1.19 -0.47 0.00 0.74
19 7.00 7.00 1.25 2.00 2.00 1.96 6.00 6.00 2.45 1.00 2.00 2.56
20 5.33 5.00 1.45 0.33 0.00 1.11 4.67 5.00 1.29 -0.33 0.00 0.49
21 5.00 5.00 1.69 0.00 0.00 0.00
22 4.47 5.00 1.13 -0.53 0.00 0.83
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Table A.2: Test statistics of two-sided non-parametric tests per patient

Decision j (Patient)

Test; Variable(s); Scope 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(1A)  (1B) (1IC) (D) (1) (2A) (2B) (2C) (D) (2E) (3A) (3B) (3C) (3D)  (3E)
I Binomial; qj, —|q}‘; 0.0000 0.0414 0.1153 0.0118 0.0025 0.0414 0.0004 0.0414 0.0025 0.5034 0.5034 0.0414 1.0000 0.5034 0.0118
FFS
Binomial; q;, —\qj; 0.1338 0.1338 0.1338 0.5235 0.1338 0.2863 0.0043 0.0001 0.0001 0.0001 0.5235 0.1338 0.2863 0.2863 0.0524
CAP
II  Mann Whitney U; g;j; 0.2440 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0001 0.2339 0.0000 0.0002 0.0001 0.0000
across treatments
III  Fisher exact; q]*-; 0.0063 0.0051 0.0000 0.0095 0.0005 0.0111 0.0000 0.0000 0.0000 0.0006 0.2461 0.0051 0.1670 0.0784 0.2457
across treatments
IV Mann Whitney U; 9(gs;); 0.0066 0.1539 0.3047 0.4630 0.0617 0.0271 0.0000 0.0000 0.0000 0.0008 0.3972 0.0028 0.0507 0.1206 0.5991
across treatments
V  Mann Whitney U; Am;;  0.0000 0.0195 0.8055 0.0590 0.2046 0.0183 0.0008 0.2092 0.0119 0.0203 0.0000 0.0002 0.0000 0.0000 0.4219

across treatments
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Table A.3: Descriptive statistics on variables per patient

Decision j (Patient)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(1A) (B) (1IC) (D) () (A) (2B) (2€) (2D) (2B) (3A) (3B) (3C) (3D) (3E)

Qij Mean (EJ-) 5.00 7.30 6.40 6.80 7.90 4.70 6.20 5.85 6.60 6.45 6.30 7.10 7.35 7.35 7.70
Median 5.00 7.00 6.50 6.80 8.00 5.00 7.00 6.00 6.00 8.00 6.00 7.00 7.00 7.00 8.00

Vij Mean (P]-) 0.00 2.30 1.40 1.80 2.90 1.70 3.20 2.85 3.60 3.45 -0.70 0.10 0.35 0.35 0.70
Median 0.00 2.00 1.50 1.00 3.00 2.00 4.00 3.00 3.00 5.00 -1.00 0.00 0.00 0.00 1.00

SD 0.00 1.84 1.50 1.67 1.86 1.22 2.24 2.21 2.23 3.05 0.86 0.64 0.75 0.88 1.03

g‘) Tl'(q7;j) Mean 8.00 10.18 7.21 10.79 10.29 6.98 9.03 6.68 10.88 9.18 7.43 10.66 7.78 12.20 10.28
& Median 8.00 11.10 7.45 11.40 11.60 8.00 11.10 7.20 11.40 11.60 7.40 11.10 7.70 12.00 11.60
SD 0.00 2.60 0.90 2.82 3.04 1.66 3.26 1.41 2.92 3.62 0.31 1.68 0.25 0.51 2.20

Amj Mean 0.00 0.19 0.12 0.21 0.21 0.13 0.28 0.20 0.20 0.29 0.07 0.15 0.06 0.10 0.21
Median 0.00 0.11 0.09 0.16 0.11 0.00 0.11 0.13 0.16 0.11 0.08 0.11 0.07 0.12 0.11

SD 0.00 0.21 0.11 0.21 0.23 0.21 0.26 0.17 0.21 0.28 0.04 0.13 0.03 0.04 0.17

B(qij) Mean 10.00 8.85 8.85 9.10 8.55 9.15 8.40 8.58 8.20 8.28 8.92 9.21 9.04 8.90 8.47
Median 10.00 9.00 9.00 9.50 8.50 9.00 8.00 8.50 8.50 7.50 9.00 9.45 9.23 9.45 8.80

1/;((11-]') Mean (qjjj) 0.00 1.15 1.15 0.90 1.45 0.85 1.60 1.43 1.80 1.73 0.53 0.25 0.41 0.55 0.98
Median 0.00 1.00 1.00 0.50 1.50 1.00 2.00 1.50 1.50 2.50 0.45 0.00 0.23 0.00 0.65

SD 0.00 0.92 1.73 0.84 0.93 0.61 1.12 1.10 1.12 1.53 0.64 0.62 0.62 0.96 1.48

N 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20

Qij Mean (Gj) 4.73 4.59 4.27 4.64 4.55 3.45 3.18 3.05 2.86 3.00 5.59 5.50 5.77 5.64 5.18
Median 5.00 5.00 5.00 5.00 5.00 3.00 3.00 3.00 3.00 3.00 6.00 5.50 5.50 6.00 5.50

Vij Mean (Pj) -0.27 -0.41 -0.73 -0.36 -0.45 0.45 0.18 0.05 -0.14 0.00 -1.41 -1.50 -1.23 -1.36 -1.82
Median 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -1.00 -1.50 -1.50 -1.00 -1.50

SD 0.98 1.18 1.28 1.81 1.34 1.37 0.85 0.49 0.47 0.93 1.74 1.41 1.69 1.43 1.82

% i Mean 9.67 9.76 10.02 9.54 9.76 10.63 10.92 11.05 11.16 11.02 8.59 8.79 8.40 8.63 9.00
@) Median 9.50 9.50 9.50 9.50 9.50 11.10 11.10 11.10 11.10 11.10 8.40 8.95 8.95 8.40 8.95
SD 0.72 0.92 0.86 1.87 0.93 1.29 0.60 0.36 0.20 0.62 1.52 1.42 2.02 1.45 1.55

Arrij Mean 0.19 0.19 0.17 0.21 0.19 0.11 0.09 0.08 0.07 0.08 0.28 0.27 0.30 0.28 0.25
Median 0.21 0.21 0.21 0.21 0.21 0.08 0.08 0.08 0.08 0.08 0.30 0.25 0.25 0.30 0.25

SD 0.06 0.08 0.07 0.16 0.08 0.11 0.05 0.03 0.02 0.05 0.13 0.12 0.17 0.12 0.13

B(qij) Mean 8.99 8.60 8.01 8.31 8.57 8.91 9.45 9.57 9.20 9.48 7.99 7.94 7.77 8.07 7.49
Median 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 9.00 8.38 7.75 9.00 8.38

zp(qij) Mean (ij) 1.01 1.40 1.99 1.69 1.43 1.09 0.55 0.43 0.80 0.52 1.46 1.51 1.68 1.38 1.96
Median 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.45 1.08 1.70 0.45 1.08

SD 2.18 2.69 3.40 2.88 2.80 2.55 1.92 1.81 2.58 2.14 2.30 1.91 2.14 1.94 2.56

N 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22




0€

Table A.4: Descriptive statistics on patient benefit B(g;;) and profit 7(g;;) per physician 4

CAP

Patient benefit B(q;;)

Profit 7(gij)

Patient benefit B(q;;)

Profit 7(qij)

7 Mean Median SD Mean Median SD Mean Median SD Mean Median SD
1 911 9.45 0.55 8.83 8.00 1.93 8.25 9.00 2.54 10.02 9.50 1.03
2 819 8.50 1.08 10.09 11.60 2.79 8.67 9.00 1.43 10.11 9.50 0.71
3 9.69 10.00 0.42 6.73 5.90 2.27 9.73  10.00 0.42 9.49 9.50 1.41
4 9.82 10.00 0.27 6.53 5.90 2.51 9.75  10.00 0.34 9.13 9.50 1.62
5 8.63 8.80 0.59 10.15 11.10 2.11 2.73 1.50 2.45 11.48 11.60 0.34
6 9.04 9.00 0.75 9.50 11.10  2.26 9.82  10.00 0.27 10.26  10.40 0.82
7  8.66 8.80 0.63 10.15 11.10 1.98 8.50 9.00 1.61 11.48 11.60 0.34
8§ 7.54 7.75 1.63 10.81  12.00 2.38 9.25 10.00 1.10 9.23 9.50 1.70
9 9.22 9.00 0.45 8.88 8.00 2.37 8.38 7.75 1.59 10.03 9.50 0.78
10 8.47 8.80 1.10 10.46  11.10 2.50 9.82  10.00 0.27 10.29 10.40 0.64
11 7.68 7.50 1.90 10.24 11.10 2.76 9.79  10.00 0.33 9.23 9.50 1.70
12 8.84 9.00 0.89 9.81 11.10 2.64 9.79  10.00 0.33 9.32 9.50 1.62
13 9.18 9.45 0.86 8.99 8.00 2.90 4.87 2.20 3.91 11.29 11.60 0.55
14 9.17 9.45 0.73 9.37 11.10 241 9.82  10.00 0.27 9.23 9.50 1.70
15 7.52 7.50 1.10 10.93 12.40 2.48 8.25 7.75 1.32 10.33 10.40 0.68
16 8.79 9.00 0.95 9.70 11.10  2.30 8.74 9.50 2.58 9.69 9.50 1.48
17 9.82  10.00 0.27 6.53 5.90 2.51 6.47 6.00 3.54 10.58 10.40 0.97
18  9.38 9.45 0.44 8.69 8.00 2.52 9.50  10.00 0.82 9.81 9.50 1.03
19 8.1 8.50 0.88 10.11 1110 1.79 7.23 8.50 2.90 7.84 8.40 2.90
20 9.39 9.00 0.49 6.87 6.50 1.68 9.67  10.00 0.49 9.67 9.50 1.15
21 9.82  10.00 0.27 9.23 9.50 1.70
22 9.42  10.00 0.93 9.89 9.50 0.96




Table A.5: Order test

Average quantity

Number of

Sub. pat. type 1  pat. type 2  pat. type 3 Order inversions
1 6.4 5.6 7.2 2 1 3 0
2 8.0 8.4 6.8 2 3 1 1
3 5.0 34 6.6 2 1 3 0
4 5.0 3.0 7.0 2 1 3 0
5 7.2 6.6 8.0 2 1 3 0
6 5.8 6.4 7.0 1 2 3 1
7 7.2 6.8 7.4 2 1 3 0
8 8.4 8.4 8.0 2 2 1 -
9 6.8 4.6 6.8 2 1 2 -

‘£ 10 8.2 7.6 7.2 3 2 1 2
=~ 11 6.8 7.8 7.8 1 2 2 -
12 7.6 6.0 7.2 3 1 2 3
13 6.4 5.0 7.0 2 1 3 0
14 5.8 5.8 7.2 1 1 2 -
15 8.6 9.0 8.0 2 3 1 1
16 6.6 7.0 6.4 2 3 1 1
17 5.0 3.0 7.0 2 1 3 0
18 6.0 4.2 7.0 2 1 3 0
19 7.0 6.8 7.2 2 1 3 0
20 5.8 3.8 6.4 2 1 3 0
1 3.6 3.6 5.4 2 2 1 -
2 4.6 3.4 4.8 2 1 3 0
3 5.0 3.0 6.4 2 1 3 0
4 5.0 3.4 7.0 2 1 3 0
5 1.4 2.0 3.0 1 2 3 1
6 5.0 3.0 7.0 2 1 3 0
7 4.4 3.0 4.8 2 1 3 0
8 5.0 3.0 5.0 2 1 2 -
9 4.4 3.2 4.6 2 1 3 0
10 5.0 3.0 7.0 2 1 3 0
% 11 5.0 3.0 6.8 2 1 3 0
O 12 5.0 3.0 6.8 2 1 3 0
13 3.0 2.6 1.6 3 2 1 2
14 5.0 3.0 7.0 2 1 3 0
15 4.0 3.0 5.0 2 1 3 0
16 5.0 3.4 5.0 2 1 2 -
17 3.4 2.8 4.0 2 1 3 0
18 5.0 3.0 5.6 2 1 3 0
19 6.4 5.0 6.6 2 1 3 0
20 5.0 3.0 6.0 2 1 3 0
21 5.0 3.0 7.0 2 1 3 0
22 5.0 3.0 5.4 2 1 3 0
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Table A.6: Relative frequencies of choices on the Pareto frontier sorted by categories

Decision j (Patient)
Category 1 2 3 4 ) 6 7 8 9 10 11 12 13 14 15
(IA) (1B) (1C) (1D) (1E) (2A) (2B) (2C) (2D) (2E) (3A) (3B) (3C) (3D) (3E)

PROMAX 1.00F 0.25 0.00 0.15 0.32F 0.72% 016 0.10 0.10 0.25 021 0.00 0.00 0.00 0.06

48

@£ PATMAX  1.00% 025 032 020 016 028 011 025 015 040 042 083" 056" 0.67% 0.24
~ SOCOPT  1.00f 050 0.32 0.05 0.32F 0.72% 047 0.35 020 0.25 0.42F 0.83% 0.56% 0.00f 0.59
PAROTH  1.00f 0.00 0.37 0.60 053 0.00 026 0.30 055 0.10 037 017 044 033 0.71
PROMAX 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.05
& PATMAX 0.75¢ 0.71% 0.68F 0.65f 0.71F 0.88% 0.95% 0.95% 0.91% 0.95% 041 0.32 038 0.36 0.27
O SOocoPT  0.75% 0.71F 0.68F 0.65F 0.71% 0.88% 0.95f 0.95%f 0.91Ff 0.95% 0.18 0.18 0.10 0.23 0.23

PAROTH 0.25 0.29 032 030 024 0.13 0.05 0.0 0.09 0.00 036 050 052 041 0.45

soc

! Note: Some patient benefit/profit pairs are covered by two (or more) different categories. In particular, the social optimal quantity (q;°¢)
coincides for some decisions with either the profit maximal quantity (¢;) or the patient optimal quantity (g;).
In FFS: (n(4;), B(@))) = (n(4}), B(q})) = (w(g}*), B(¢;*)) for patient 1A (j = 1); (w(d;), B(@)) = (n(¢;°), B(g}")) for patients 1E and 2A
(4 =5,6); (7(q7), B(q})) = (7(q;°°), B(q;°°)) for for patients 3A,..,3D (j =11,..,14).

In CAP: (7(q}), B(q;)) = (7(q;°°), B(q;°°)) for for patients 1A,....2E (j =1,...,10).
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Figure A.1: Pareto frontiers per decision in FFS
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Figure A.2: Pareto frontiers per decision in CAP

Decision 1

Decision 2

Decision 3

5 3 s
o o o
0
<+ A
- Pareto frontier o rel. freq. 0 0
o o A oA A
A Profit X SOCOPT
+ PATMAX A PROMAX
oA o oA
6 2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Benefit of patient 1A Benefit of patient 1B Benefit of patient 1C
Decision 4 Decision 5 Decision 6
s S 3
o o a
0 0
o A o A
©q o - o4
6 2 4 & & 1o 1 2 2 & 8 10 1 2 4 & & 10 12
Benefit of patient 1D Benefit of patient 1E Benefit of patient 2A
Decision 7 Decision 8 Decision 9
0 0
= A = A =
o o o
& o 9 & o 9 &
0 0 0
~1 A < A <« A
0 0 0
o A oo A o o A
© 9 o - o4
0 2 4 & 8 10 12 0o 2 4 6 & 10 12 0 2 4 6 & 10 12
Benefit of patient 2B Benefit of patient 2C Benefit of patient 2D
Decision 10 Decision 11 Decision 12
o 1% %
o
- A
&
1 0
= A = £
< < [}
o © 9 o o
< 2
0 0 0
o A o A oA A
© 1 o - o4
6 2 4 6 8 10 12 o 2 4 6 & 10 12 0 2 4 6 & 10 12
Benefit of patient 2E Benefit of patient 3A Benefit of patient 3B
Decision 13 Decision 14 Decision 15
3 s 5
a a o
0
<A A
0 0
o A o A
© A o o4
T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 0 4 6 8 10 12 0 2 4 6 8 10 12

Benefit of patient 3C

Benefit of patient 3D

34

Benefit of patient 3E



	Introduction
	Related literature
	Research questions
	Experimental design and procedure
	Design and parameters
	Procedure

	Results
	Physicians' behaviour in FFS
	Physicians' behaviour in CAP
	Comparison of behaviour between FFS and CAP
	Tradeoffs and Pareto efficiency

	Conclusion
	Appendix

